Abstract. AGN reverberate when the broad emission lines respond to changes of the ionizing thermal continuum emission. Reverberation measurements have been commonly used to estimate the size of the broad-line region (BLR) and the mass of the central black hole. However, reverberation mapping studies have been mostly performed on radio-quiet sources where the contribution of the jet can be neglected. In radio-loud AGN, jets and outflows may affect substantially the relation observed between the ionizing continuum and the line emission. To investigate this relation, we have conducted a series of multi-wavelength studies of radio-loud AGN, combining optical spectral line monitoring with regular VLBI observations. Our results suggest that at least a fraction of the broad-line emitting material can be located in a subrelativistic outflow ionized by non-thermal continuum emission generated in the jet at large distances (> 1 pc) from the central engine of AGN. This finding may have a strong impact on black hole mass estimates based on measured widths of the broad emission lines and on the gamma-ray emission mechanisms.
Introduction
The correlated variability of the optical-UV continuum emission and the strength of the broad emission lines in AGN has been known and characterised with monitoring campaigns over the last decades (e.g. Blandford & McKee 1982 , Peterson 1993 , Shapovalova et al. 2001 , Shapovalova et al. 2013 . The delay between increases in the continuum optical-UV emission and the onset of the increase in the intensity of the broad emission lines allows to obtain a direct estimation about the distance of the broad-emission line region to the ionizing source. Then, assuming that the BLR clouds follow a virialized motion, the mass of the central black hole can be estimated. The so-called reverberation mapping technique has been used to determine structure and dynamics of the BLR and to provide scaling relations to estimate black hole masses by characterizing single-epoch spectra (e.g. Vestergaard & Peterson 2006 ) . However, reverberation mapping studies have been traditionally performed mostly on radio-quiet AGN where the dominant source of continuum emission has a thermal origin (e.g. accretion disk). Nevertheless, in radio-loud sources, the non-thermal emission produced in the inner regions of relativistic jets (see Figure 1 ) can dominate at all energies and could become an important source of ionizing continuum. So the question arises: Can the non-thermal continuum emission from the inner jet ionize clouds of the BLR?
3C 454.3
We have explored the variability of the broad emission lines in 3C 454.3 (so far, the brightest blazar seen by the Fermi gamma-ray space telescope) in order to use it as an auxiliary piece of information to probe the geometry and physics of its innermost regions and to discriminate between scenarios of the gamma-ray production. The optical spectra of 3C 454.3 have been acquired, as part of the Ground-based Observational Support of the Fermi Gamma-ray Space Telescope at the University of Arizona monitoring program (Smith et al. 2009 ), over a period of three years (2008) (2009) (2010) (2011) and due to its redshift (z = 0.859) we have had access to the middle-UV region of the spectrum, allowing us to monitor its Mg IIλ2800Å broad-emission line and adjacent UV-continuum λ3000Å.
Broad-line emission driven by non-thermal continuum from the jet
,-./!!+88!!3"=: In León-Tavares et al. (2013), we found for the first time a statistically significant flare-like event in the Mg IIλ2800Å light curve of 3C 454.3. As shown in Figure 2 , the highest levels of Mg IIλ2800Å line flux ( 2σ) occurred after λ8mm flare onset, during an increase in the optical polarization percentage, before the emergence of a new superluminal component from the radio core and within the largest gamma-ray flare ever seen. This finding crucially links the broad-emission line fluctuations to the non-thermal Figure 3 . Variability of the optical continuum(5100Å), Hβ broad-line emission and jet kinematics in the radio galaxy 3C 390.3 (Arshakian et al. 2010 ). All optical flares (both continuum and Hβ broad emission line) are associated with component jet ejection events: the flare rises after the epoch of ejection of a new jet component from the radio-core and it reaches the maximum around the epoch at which the ejected radio knot passes through a stationary component downstream the jet. The maximum of Hβ broad-line emission occurs when a component passes through a stationary component in the inner jet located at a distance of ∼ 0.5 pc from the radio-core (the radio core might be located at several parsecs from the black hole). This result strongly suggests: (i) that the jet can power a significant amount of broad-line emission and, (ii) the presence of broad-line region material at distances well beyond the canonical BLR (< 1 pc).
continuum emission produced by relativistically moving material in the jet and hence to the presence of broad-line region clouds surrounding the radio core (see bottom-left panel of Figure 1 ). The variability of other broad-emission lines in 3C 454.3 has been reported in Isler et al.(2013). 3. 3C 390.3 and 3C 120 Arshakian et al. (2010) and León-Tavares et al. (2010) found that for the radio galaxies 3C 390.3 † and 3C 120 ‡, the variable optical continuum starts to rise when a new superluminal component leaves the radio core seen at 15 GHz and its maximum occurs when the component passes through a stationary feature located downstream of the radio core. Since these two radio galaxies are known to reverberate (Shapovalova et al. 2010; Grier et al. 2012) , in the sense that the Hβ broad emission line responds to changes in the optical continuum, the authors conclude that the jet can power a significant amount of broad-line emission particularly during strong non-thermal continuum flares from the jet (see also Belokon' 1987 and Perez et al. 1989 ).
Summary
The above results suggest the presence of an additional component of the BLR, dubbed as outflowing BLR (see bottom-left panel of Figure 1 ), which in effect might be filled with BLR material dragged by the relativistic jet as it propagates downstream of the black hole or perhaps could be a sub-relativistic outflow arising from an accretion-disk wind. The presence of broad-line region material surrounding and being ionized by the radio core (at distances beyond the inner parsec) have far reaching implications for the current AGN energy release models (León- Tavares et al. 2011b ) as well as for black hole mass estimates made in AGN using the technique of reverberation mapping and its scaling relations.
The fact that broad emission lines in radio-loud AGN might respond to changes of the non-thermal continuum prevents us from using the single epoch virial black hole mass estimates because the latter assumes: (1) a single localized ionization source (i.e., accretion disk) and (2) virial equilibrium of the BLR clouds. The latter assumptions cannot be fulfilled during episodes of strong flaring activity, hence the ionization of BLR clouds by non-thermal emission from the jet might introduce uncertainties to the black hole mass estimates derived by assuming virial equilibrium of the BLR. Alternative scaling relations to weigh the black holes in strongly beamed sources are discussed and implemented in León-Tavares et al.(2011a , 2014 .
